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4) Separation of active catalyst particles from spent catalyst particles by air eiutriation. 



iT) Spent hydrotreating catalyst having carbonaceous and metallic deposits and of regular geometric 
shape after being stripped of process oil is fluidized by flowing air upwardly through the catalyst at a 
velocity sufficient to expand the bed thereby segregating the catalyst particles into a high activity, 
upper, less-contaminated firaction and a lower, nnore-contaminated firaction and recycling the high 
activity fraction to a hydrotreating process. Optionally, the high activity fraction can be regenerated with 
carbon bumolf or rejuvenated by add leaching followed by regeneration with carbon bumoff to further 
improve catalyst activity. 
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This invention relates to the separation and recovery of active catalyst particles from spent r us d catalyst 
particles having carbonaceous, sulfur and metallic d posits thereon by an air elutrfation process. In another 
aspect of this invention, the used catalyst particles or the recovered active catalyst partict s are additi nally 
regenerated by burnoff f th cart)on and sulfur d posits under controlled conditions in th pr sence of an 
xyg en-containing gas. This regeneration st p may b pr ceded or followed, if d sired, by a rejuvenation step 
in which a part, or sut)stantially ali. f th metallic deposits are removed. The active catalyst particles recover d 
can t>e recycled to a catalytic reactor, such as an H-Oil® reactor of a hydrotreating process system. 

During catalytic reaction processes, as exemplified by. for example, hydrotreating process s utilizing ebul- 
lated-bed reactors, the catalysts employed gradually are deactivated by virtue of various metallic elements 
such as vanadium, nickel, etc being deposited thereon and by virtue of an accumulation of carbonaceous de- 
posits on the catalyst particles. The catalyst bed in an ebullated-bed reactor from which periodic or continuous 
withdrawal of portions of used catalyst and replacement of the withdrawn material with fresh catalyst is carried 
out the catalyst bed will contain particles which have been in the reactor for widely different periods of time. 
As a result, in the ebullated-bed reactor operating with periodic or continuous catalyst replacement at any given 
time different particles of the catalyst have widely varying amounts of deposited metals thereon and carbo- 
naceous deposits. Particles which have been in the reactor for only a short time have a relatively low metals 
content and such particles still have a relath/ely high catalytic activity t>ut such high activity particles are dis- 
carded in the catalyst withdrawals. Also, as the catalyst particles remain in the reactor there is a tendency of 
the longer catalyst extrudate particles to break thus forming shorter catalyst particles and through attrition of 
the catalyst under continued usage an increase in the amount of catalyst fines result which are known to contain 
an increased concentration of metals as compared to the longer catalyst particles. 

There has been a need in the art for a practical method for conveniently recovering relatively high activity 
catalyst particles from spent hydrotreating catalyst withdrawn from a fiuidized-bed catalyst reactor system, 
such as ebullated-bed or continuous-stlrred-tank reactors utilized in processing high sulfur and metals-con- 
taining hydrocarbon residuum feedstocks. 

Canadian Patent No. 1,159,402 discloses a process for the recovery of used contaminated catalyst ac- 
cording to particle density differences by f luidization in fight liquid hydrocarbon fractions boiling in the range 
of 93^0 - 232*0 (200* to 450*F), such as light naphtha, kerosene, fuel oil or water. In this process which is 
suitable for treating used catalyst derived from f luidized- or ebullated-bed reactor systems such as H-Oil® proc- 
esses, involving continuous or periodic withdrawal of portions of used catalyst and their replacement with fresh 
catalyst low density and high density fractions of used catalyst are produced. The low density firactionis of used 
catalyst may be regenerated by carbon burnoff after removal from the llght-hydrocarbon-f luidization unit and 
before being returned to the reactor. The high density fraction of used catalyst Is. optionally, processed for re- 
covery of deposited metals. 

U.S. Patent No. 3,809.644 discloses a process for multiple stage hydrodesulfurization of high sulfur, met- 
als-containing pefroleum residuum stocks in a multipte stage ebullated-bed hydrogenation process where cat- 
alyst used in the final stage reaction zone is removed and infroduced without any additional treatment such 
as cartoon burnoff. etc. to the preceding reaction zone thus extending the activity and effecth^e life of the cat- 
alyst. In this process ail fresh make-up hydrogen for the process is injected into the final reaction zone so that 
the hydrogen sulfide in the gas leaving that reaction zone is maintained below about three mole percent, thus 
substantially improving the desulfurization reaction rate in that reactor. The partially deactivated catalyst back- 
staged from the final reactor becomes guard- type contact solids for metals removal in the preceding stage re- 
actor or reactors. Metals removal from the residual feedstocks can be maintained at the desired level without 
using high reaction temperatures. This process is reported to be especially effective when three reaction zones 
connected in series are employed and is applicable for producing low sulfur fuel oil from feedstocks containing 
2-5 weight percent sulfur and having metals content ranging from about 20 p.p.m. vanadium to as much as 
600 p.p.m. vanadium. 

U.S. Patent No. 4,621,069 discloses a process for effective regeneration of used catalyst to remove de- 
posited carbon and sulfur compounds by staged controlled burnoff and in this process the burnoff is accom- 
plished by staged burnoff in multiple zones wherein the used particulate catalyst is introduced into a first zone 
where the catalyst is contacted at 149**C - 260''C (300^ - SOCF) with an inert gas for 1 - 2 hours residence 
time to evaporate liquid components from the catalyst; the oil-free catalyst Is then passed to a second zone 
wherein the catalyst in a thin bed is contacted at 415''C - 427''C (ZSC* - SOO^'F) with a gas containing 0.5 to 
1.0 V % oxygen in an inert gas for 4 - 6 hours residence time; the partially regenerated catalyst is passed to 
a third zone where the catalyst in a thin bed is contacted with a gas containing 1 - 2 V % oxygen in an inert 
gas at a temperature of 427*C - 454*C (800* - 850*F) for 4 - 6 hours residence time and finally the further 
regenerated catalyst Is passed to a fourth zone where the catalyst is contacted at427*C - 454*C (800* - 850*F) 
with a gas containing 2 - 6 V % oxygen in an inert gas for 6 - 10 houra residence time to complete burnoff of 
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carbon and sulfur deposits from the catalyst 

U.S. Patent No. 4,720,473 discloses a process for treating a sp nt hydrotreating cataiyst having an UD 
greater than one by (1) stripping volatilizabie hydrocarbons to form firee-fl wing catalyst particles, (2) passing 
the free-flowing catalyst particles t a rotating drum length grading unit having indentations in the cylindrical 
wall where the catalyst particles with a I ngth less than Li are separated from the desired catalyst particles 
having a length greater than Li comprising lightly contaminated particles and more h avily contaminated cat- 
alyst particles (Product A), (3) passing the Product A to a density grading unit utilizing gas suspension n a 
vibrating air table wherein the lightly metals contaminated catalyst particles are separat d from Product A. 

In this density grading step the lightly metals contaminated catalyst particles become suspended In a gas 
above the more heavily metals contaminated catalyst particles, the more heavily metals contaminated particles 
are caused to move upwardly along an inclined vibrating surface and are collected at a first density grading 
unit outlet the lightly contaminated catalyst particles which contact a lower portion of the vibrating surface 
are collected at a second density grading unit outlet In a final step the lightly metals contaminated catalyst 
particles are passed to a regeneration zone in which cart^onaceous deposits are removed in a controlled burn- 
off in the presence of an oxygen-containing inert gas at a temperature of about 200'' to 700'' C. Alternatively, 
the lightly-contaminated catalyst particles from the density grading zone can be passed to a rejuvenation zone 
where the catalyst particles are acid leached to remove undesired metals from the catalyst particles which 
are then passed to a regeneration zone. 

U.S. Patent No. 4,454,240 discloses a catalyst regeneration process which includes a metal contaminants 
removal step. This procedure is particularly useful for recovering used catalyst from fluidized-bed catalytic re- 
action systems such as H-Oil® and H-Coal® hydrogenation processes using ebuilated-bed reactors, from 
fixed-bed catalytic reaction systems, and also from fluid catalytic cracking (FCC) processes. Preferred feed- 
stocks for the reactor processes are from petroleum and coal. Catalyst having contaminant metals removed 
and regenerated by this process is said to have activity essentially equal to fresh catalyst In the process of 
this patent the used catalysts are first washed with a hydrocart>on solvent such as naphtha, toluene and mix- 
tures thereof, etc. to remove process oils; the oil-free catalyst is then contacted for at least 5 minutes with an 
aqueous solution of sulfuric acid and an ammonium ion at a temperature of from IS^'C - 121 ""C (60'' - 250''F), 
which converts the metal contaminants to the respective soluble sulfate compounds; the metals-laden solution 
is drained off; the treated catalyst is washed with water to remove the residual aqueous solution and, in a final 
step, the washed, treated catalyst is subjected to a carbon burnoff in which the catalyst is contacted with a 1 
- 6 V % oxygen in an inert gas mixture to remove carbon deposits. 

Guillen et at, in a paper entitled, "Study of the Effectiveness of 27 Organic Solvents In the Extraction of 
Coal Tar Pitches" (Energy and Fuels. 1991. Vol. 5, pp. 192-204) disclose a study of the extractive ability of 
organic solvents including 2-pyrrolldone. N-methyt-2-pyrrolidone, etc. on coat tar pitches. 

This invention provides a method for segregating used, contaminated catalyst particles having carbona- 
ceous deposits and variable metals contaminant contents so that a portion of used catalyst material having a 
relatively high acth^lty can be readily recovered for further use in a petroleum residua hydrooonverslon process. 

Specifically, this inventton relates to a process for treating spent hydrotreating catalyst which Is particularly 
useful for separating active catalyst particles from spent hydrotreating catalyst withdrawn, for example, firom 
an H-Oil® reactor. The process comprises (1) sending the spent hydrotreating catalyst having carbonaceous 
and metallic deposits thereon to a stripping unit where, for example, the spent catalyst is deoiled by washing 
with a heated solvent or a solvent mixture to remove process oils and, if a solvent mixture which includes, for 
example, N-methyl-2-pyrrolidone, Is employed, to remove asphaltene compounds from the catalyst pores as 
well, and then dried at a low temperature <121''C (<250*'F) in air or air diluted in an inert gas or at even lower 
temperatures (ambient) in a vacuum thus rendering the catalyst partteles free-flowing, (2) placing the free- 
flowing catalyst particles in a vertical column, fluidizing the catalyst bed by flowing air upwardly through the 
catalyst at a velocity sufficient to expand the bed at least about 25% over its settled height for sufficient time 
to accomplish segregation of the catalyst particles into upper less contaminated fractions and lower more con- 
taminated fractions according to their particle density, and (3) recovering the upper fraction of the catalyst, 
i.e., the high activity fraction, which is suitable for returning to the hydrotreating zone. Optionally, the used 
catalyst particles or the high activity catalyst fraction can be passed to a regeneration zone where the carbo- 
naceous deposits are removed by carbon burnoff or the used catalyst particles or the high activity catalyst 
firaction can be acid leached prior to regeneration to remove undesirable metals. 

Spent hydroconversion catalyst particles suitable for use in the process of this invention preferably have 
a regular geometric shape. They are formed by exfrusion or pelletizing and preferably have a generally cylin- 
drical shape with a generally circular cross-section. The preferred shaped catalyst particles have a cross- 
sectional diameter ranging from 0.8mm - 1 .6mm (.030 to .065 inches) and preferably from O.Smm - 1 .0mm (.035 
to .041 Inches). Generally, the length of the catalyst exfrudate partteles will range up to 15.2mm (0.6 inches) 
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or more. 

Catalyst-type particles which can be treated by th process of this inv ntioncompris anycf the conven- 
tional catalysts used in hydrooonversi n and hydroref ining of hydrocarbons and particularly with regard to hy- 
drotreatlng of residuum f dstocks which usually contain active m tals such as cobalt, molybd num, nickel, 
phosphorus, tungsten and titanium supported n, for xample, shaped alumina or silica-alumina supports. 
Thes active m tals are g nerally in xid form bef re and in a sulfide form after us in a hydrotr ating reactor. 

Although th process of this invention is useful for tr ating spent catalyst withdrawn from a wid rang of 
hydrotreating reactors including hydrod sulfurization units, this catalyst treatment process is esp daily useful 
for treating spent catalyst withdrawn, for example, an ebullated-bed single stage hydrodesulfurization unit or 
from any of the stages of a multiple-stage hydrodesulfurization ebullated-bed unit where catalysts comprising 
an oxide of nickel or cobalt and an oxide of tungsten or molybdenum supported on a porous alumina support 
are employed as fresh catalyst 

(A) Removal of Process Oils to Form Free-Flowing Catalyst Particles 

In the process of this invention spent hydrodesulfurization catalyst which has been removed from an ebul- 
lated-bed reactor, such as an H-Oll® reactor, operating under hydrodesulfurization conditions is sent to a cat- 
alyst stripping unit for deoillng. In this unit the spent catalyst particles, for example, are washed or contacted 
batchwise or in a continuous manner with a hydrocarbon solvent liquid for the purpose of removing process 
oils. A variety of methods may be utilized In washing, i.e., deoiling, the used catalyst such as by (a) adding the 
used catalyst with mixing to a tank containing the solvent liquid, or (b) the spent catalyst can be introduced 
into a catalyst washing unit where solvent is circulated uniformly upwardly through a generally vertical column 
by means of a pump and a flow distributor. In both washing methods the hydrocarbon solvent can be, for ex- 
ample, kerosene, naphtha, toluene, pentane, etc., and mixtures thereof. Heat is added to the hydrocarbon sol- 
vent to maintain the solvent temperature at about 65.5°C - 149**C (150** - 300"F) In both methods (a) and (b). 

A particularly useful solvent comprises a mixture of 5 to 35% by weight of N-methyl-2-pyrrolidone with 
the balance being a light hydrocarbon such as toluene, naphtha, pentane, kerosene, mixtures thereof, etc. 
Such solvent mixtures are not only highly effective in removing process oils but also are effective for removing 
asphaltene compounds from the catalyst pores with a resulting increase in catalyst desulfurization activity. 

The solvent liquid containing the o9y carbonaceous material which is recovered from the washing or con- 
tacting unit is sent to a recovery unit where the solvent is recovered for recycling back to the washing unit, 
while the oily, carbonaceous waste is sent as a pcMrtlon of the feed to a hydrogen generation unit to produce 
hydrogen for use in a hydrotreating unit or sent to a coking unit for light hydrocarbon production. 

Generally, the deoiling step is conducted at atmospheric pressure and the deoiling operation can also be 
carried out in a continuous manner. Usually, the amount of solvent utilized will vary from 9.1 kg to 36.3 kg or 
more/kg (20 to 80 pounds or more per pound) of used catalyst being treated to remove process oils, i.e., deoil- 
ing. 

After the spent catelyst particles have been washed, free-flowing catalyst particles are obteined by drying 
the particles at a low temperature (i.e. <121*'C, <250°F) in air or in air diluted with an inert gas such as nitrogen 
or at even lower temperatures (ambient) under vacuum conditions. 

(B) Separation of High Acth^ity Catelyst Particles From Spent Catalyst Particles Using Air Elutriatlon 

In this process spent alumina-supported hydrotreating catelyst particles withdrawn from a hydrotreating 
reactor such as an H-Oil® reactor, after sblpping to remove process oils, drying and optionally regenerating, 
are introduced into a f luidizatlon or elutriatlon unit which can be, for example, a single, generally vertical tube 
or column. Air or an inert gas or mixtures thereof at a temperature of about ambient to 121**G (250*^) is circu- 
lated uniformly upwardly by means of a pump and a distributor at a velocity sufficient to expand the catalyst 
bed at least 25% to 200% of Its settled height so that a f luidization and segregation of the catelyst particles 
according to their density results. The preferred catelyst bed expansion ranges from 35% to 120% of the settled 
■eight During the fluidizatk>n period which ranges from 0.03 to 6.0 hours or more, the catelyst is segregated 
into lightweight, high activity, less contemlnated catelyst particles in the upper portion of the column and heav- 
ier, more contemlnated particles in the lower portion of the column. The time required to complete the desored 
segregation of the catalyst particles will vary over a wide range depending on the density range of the catalyst 
particles, the size of the catalyst particles, the degree of catelyst bed expansion,and the temperature of the 
air entering the coiumnl The length to diameter ratio of the column should be at least 4 up to 60/1 with the 
ratio preferably being between 10 to 40/1 and most preferably being between 20 to 35/1. 

At the conclusion of the f luidization step, the high activity catelyst particles In the upper portion of the 



4 



EP0 535 886 A2 



column are removed and then returned to the hydrotreating reactor after, optionally, being regenerated to re- 
mov carbon deposits or acid I ached and regenerat d to remov contaminant m tals and carbon deposits, 
if desired. The heavier, more contaminated catalyst particles r covered from t h low r portion of the column 
can be processed t lecover deposited metals or discarded, as d sired. 

(C) Catalyst R g nerati n 

Optionally, the high activity catalyst fraction recovered from the eiutriation zon is passed to reg neration 
zone for removal of cart>onaceous deposits. The regeneration zone may be a conventional regenerator In which 
a gas containing 1 - 6 V % oxygen (e.g., air dOuted with an inert gas such as nitrogen), or air is supplied to the 
regenerator under combustion conditions to oxidize the carbonaceous deposits to carbon dioxide which is with- 
drawn from the regenerator. Suitable oxidation temperatures range fmn 317''C - 4S2?C (700'' to dOO^'F). 

In another emt>odlment of the process of the instant invention, the catalyst particles after washing and 
drying may be sent to a suitable regeneration zone for regeneration in the same manner as described above 
before the free-flowing catalyst particles are passed to the previously-described eiutriation zone. 

(D) Acid Leaching of Catalyst Particles 

In an optional step, the high activity catalyst particles recovered after the eiutriation step and prior to re- 
generation are sent to a rejuvenation unit for the purpose of removing metallic deposits where the catalyst par- 
ticles are first preferably washed with water to fill the catalyst pores. Next, the catalyst particles are passed 
to an acid treating column and a 15 - 25 percent sulfuric solution is Introduced into the lower section of the 
column which is made of corrosion resistant material. The acid solution is recovered from the top of the acid 
treating column and generally is recycled by means of a pump to the bottom of the column together with ad- 
ditional make-up acid as required. Usually the acid treatment is conducted at temperatures ranging from es.S'^C 
. g3«c (150° - ZQO^F). In a final step after the acid treatment to remove metallic deposits has been carried out 
the catalyst particles are passed to a washing unit where the acid treated particles are washed with water to 
remove the acid following which the recovered, washed catalyst particles are preferably dried in air or in air 
diluted with nitrogen at a temperature of 65.5**C - 121 *C (150**C to 250**F). The process for removing metallic 
deposits from the catalyst particles is more completely described in U.S. Patent No. 4,454.240, the disclosure 
of which is hereby incorporated by reference. 

As previously pointed out, the alumina-based catalysts usually employed in ebullated-bed reactors oper- 
ating under hydrodesulfurizatlon conditions contain one or more metals with hydrogenating activity such as 
cot>alt, molybdenum, nickel, phosphorus, tungsten and titanium and the regeneration and/or rejuvenation steps 
may result in removal of a part of the metals with hydrogenation activity from the catalysts. If needed, additional 
anwunts of the required metals can be supplied to the reactivated catalyst particles by methods well known 
in the art. 

in another aspect this invention relates to a hydrodesulfurizatton process especially useful for producing 
low sulfur liquid products which comprises passing a metals-containing hydrocarbon residuum feedstock hav- 
ing a metals content of from about 50 to about 500 wppm and a sulfur content In excess of 2.0 weight percent 
through multiple reaction zones in an upflow manner, with internal recycle of reactor liquid contents, under 
hydrogenation conditions of temperature and pressure in the presence of an alumina-supported catalyst con- 
taining one or more metals with hydrogenating activity selected from the group consisting of cobalt, molybde- 
num, tungsten, phosphorus, nickel and vanadium which is ebullated in the liqukJ environment, adding fresh 
particulate high activity catalyst to the final reaction zone, withdrawing spent catalyst from the final reaction 
zone, separating out an active fraction of the withdrawn catalyst by: 

a) passing the spent catalyst particles to a stripping unit In which process oils are removed from the spent 
catalyst partlcules thus rendering the spent catalyst particles free flowing, 

b) passing said free-flowing spent catalyst particles to an air eiutriation zone comprising a single generally 
vertical column, said vertical column having a length to diameter ratio (L/D) of at least 4 to 1, preferably 
between 10 to 40 to 1, fluidizing the catalyst bed by flowing air upwardly through the catalyst at non-re- 
action conditions and at a velocity sufficient to expand the bed at least 25% over its settled height and for 
a time sufficient to accomplish substantial segregation of the catalyst particles into a high-activity, upper, 
less contaminated fraction and lower more contaminated fraction according to their particle density, 

c) recovering the high-activity, upper fraction catalyst from the air eiutriation zone, and 

d) backstaging the recovered high activity, alumina-supported catalyst to said preceding reaction zones 
in reverse flow relative to the residuum along with, optionally, some fresh catalyst make-up as required, 
and introducing make-up hydrogen directly to the final reaction zone whereby the desuifurizatlon rate is 
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maintained at a maximum. 

In another enbodiment this invention relates to a two-stage hydroconversion proc ss for th product! n 
of I w-t>oiiing range, low-suifur product streams from a petroleum residuum feedstock having a m tals content 
more than SO p.p.m. and having a sulfur content in excess of 4.0 weight percent where t h r siduum Is passed 
upwardly through each of the two reaction zones in succession in th presence of hydrogen and under hydro- 
g nation/hydroconversi n conditi ns ft mperature and pressure, both of the said z nes containing a par- 
ticulate alumina-supported catalyst which is placed in bullati ninth liquid phase nvironm ntbytheupfi w 
of said residuum and hydrogen and the internal recycl of reactor liquid products, the improvement which conn- 
prises: 

a) in the final reaction zone introducing a fresh, particulate, high activity alumina-supported hydrotreating 
catalyst containing one or more metals of hydrotreating activity selected from the group consisting of co- 
balt, nriolybdenum, tungsten, phosphorus, nickel and vanadium. 

b) withdrawing spent catalyst particles from the final reaction zone, said spent catalyst particles being par- 
tially deactivated by metals and carbon deposited thereon in the final react k>n zone, 

c) passing the spent catalyst particles to a stripping unit in which process oils are removed from the spent 
catalyst particles thus rendering the spent catalyst particles free flowing, 

d) passing said free-flowing spent catalyst particles to an air elutriation zone comprising a single generally 
vertical column, said vertical column having a length to diameter ratio (UD) of at least 4 to 1, fluidlzing 
the catalyst bed by flowing air upwardly through the catalyst at non-reaction condltk>ns and at a velocity 
sufficient to expand the bed at least 25% over its settled height and for a time sufficient to accomplish 
substantial segregation of the catalyst particles into a high-activity, upper, less contaminated fraction and 
lower more-contaminated fraction according to their particle density; and 

e) recovering the high-activity, upper fraction catalyst from the air elutriation zone, 

f) passing the entire effluent from the first reaction zone to the subsequent final reaction zone, 

g) passing the high-activity catalyst particles recovered in step (e) to the first reaction zone along with, 
optionally, some fresh catalyst make-up, and 

h) withdrawing from the final reaction zone a liquid hydrocarbon stream which can be fractionated to re- 
cover the unconverted residuum stream, i.e., the non-cracked or non-hydrocracked portion of the resi- 
duum feed, with a boiling range of greater than or equal to SSS^'C (lOOO^F) and a sulfur content of less 
than 3 weight percent which is suitable for blending to a low sulfur fuel oO product. 

The spent, free-flowing catalyst may also, optionally, be passed to a regeneration unit to remove contam- 
inant cart)on and sulfur prior to step (d) above. 

In another aspect this invention relates to a process for deolling spent hydrotreating catalyst particles, 
such as alumina-supported, hydrotreating catalyst particles which comprises washing the said catalyst par- 
ticles at a temperature of 65.5**C - 149°C (150** to 300°F) with a solvent comprising 5 to 35 weight percent of 
N-methyl-2- pyrrol idone with the balance being a light hydrocarbon selected from the group consisting of tol- 
uene, naphtha, pentane, kerosene and mbctures of the light hydrocarbon. 

In still another aspect, this invention relates to a solvent suitable for deolling spent, hydrotreating catalyst 
particles, such as alumina-supported hydrotreating catalyst particles which comprises 5 to 35 weight percent 
of N-methyl-2-pyrrolidone with the balance being a light hydrocarbon selected from the group consisting of 
toluene, naphtha, pentane, kerosene and mixtures of the light hydrocarbons. Especially useful is a solvent conn- 
prising 5 to 35 weight percent of N-methyl-2-pyrrol idone with the balance being toluene. 

EXAMPLES 1 AND 2 

In Bcample 1 , a sample of about 200ml (200 cc) of used, I.e., aged, extrudate catalyst particles withdrawn 
from the first stage of two-stage ebuilated-bed reactor (Reactor F-10-R1) operating with daily catalyst with- 
drawal of portions of used catalyst and additions of fresh catalyst and processing residual crudes having a 
boiling point range such that at least 89 volume percent bolls at temperatures greater than or equal to 538°C 
(1 OOO^'F) and having a sulfur content in excess of 2 weight percent operating under hydrodesulfurizatlon con- 
ditions was placed in an air elutriation unit which was a 25.4mm (1 inch) diameter quartz tube of about 91 4.4mm 
(36 inches) in length. The catalyst treated in this example and in all the examples which follow was Criterion® 
HDS-1443B, a nickel-molybdenum catalyst, on an alumina support. The used catalyst sample was, priorto be- 
ing subjected to air elutriation, washed with toluene at a temperature of about IIO^'C (230^F) until no more oil 
was being removed and afterwards air dried at 121 ^'C (250*F) to yield a free-flowing catalyst sample. After 
being placed in the elutriation column. It was subjected to an upward airflow sufficient to expand the bed 100% 
of the settled height. After 4 hours the catalyst bed was allowed to settle, the low density particles, i.e., the 
top which was designated as the "light" fraction (50 vol. %) was removed using a spatula and the high density 
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particles or low r fraction (50 vol. %), which was designated as the "heavy" fraction, was let out of the t>ottom 
of the column. 

In Example 2, a sample of about 200ml (200 cc) of used, i.e., aged, extrudate catalyst particles withdrawn 
from th second stage of a two-stage ebullated-bed reactor (Reactor F-10-R2) operating with daily catalyst 
withdrawal of portions of used catalyst and additions of fiesh catalyst and processing the same residual crude 
as in ExampI 1. was treated In the air lutriation unit In th sam manner as described above. 

The V/Mo atomic ratio for the unseparated catalyst fraction, the light and th heavy fractions rec ver d 
in Exampt s 1 and 2 were determined and this data is set out in Table I which follows: 



TABLE I 

V/Mo ATOMIC RATIO PETERMI NATIONS 

Density 

Vol, Z Clbs/f t^) Atotalc Ratio 



kg/M' 3 V/Mo 



Example 1 



Unseparated catalyst 

from Reactor F-lO-Rl 100 lOl (63) 2.2 

"Light" fraction 50 88 (55) 1.^ 

"Heavy" fraction 50 106 (66) 3,4 



Example 2 

Unseparated catalyst 

from Reactor F-10-R2 100 lOl (63) 1*2 

"Light" fraction 4 9 90 (56) 0.9 

"Heavy" fraction 51 104 (65) 1-5 



Portions of the unseparated catalyst samples and the fractions recovered In Examples 1 and 2 were sub- 
sequently regenerated in air for 24 hours at 454*'C (BSO'^F). 

The hydrodesulfurizatlon activity of the unseparated catalyst samples as well as that of the low density or 
top fraction and the high density or bottom fraction from Examples 1 and 2 were determined after regenerating 
using the HDS-MAT test The results of the HDS tests together with other properties determined for unsepa- 
rated catalyst samples and the catalyst fractions of Examples 1 and 2, after regeneration, are reported in Tables 
II and III which follow. 
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TABLE II 

50/50 VOL X SEPARATIOK OT T-lO-Rl CATALYST 
YROPERTIES AFTER RECEHERATIOH 

CoToposlte Bot-t'biD Top 

Sample Ko. 1 2 3 

Volume X 100.0 50.0 50.0 

Density <lbs/cf. qo (50) 91(57) 74 (46) 

KgiiK« regenerated) 

SA (M^/g. regenerated) 201 157 211 

Z HDS^ <avg) ^ ^ 

^ (regenerated) 27.0 20.9 36. ^» 

a - as determined by the HDS-MAT test. 



TABLE III 

50 /SO VOL Z SEPARATION OT T-10-R2 CATALYST 
PROPERTIES AFTER REGENERATION 

Composite Bottom Top 

■'4 - 5 6 

Sample No. 

Volume X 100.0 51.3 A8.7 

Density (lbs/c£. . 74 ^^^j 75 ^^^^ 

)cg/M» regenerated) 

SA <M^/g, regenerated) 223 188 233 

X HDS^ (avg) 

* (regenerated) 37.9 31.5 ^5.0 

a - as determined by HDS-MAT test. 



The data set out in Tables I and II for Example 1 and in Tables I and III for Example 2 show that the hydro- 
desuifurization activity of the regenerated catalyst fractions decreases as the degree of vanadium contamin- 
ation of the samples, as shown by the V/Mo atomic ratlOp increases. 
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EXAMPLES 3 AND 4 

In these examples ag d, spent catalyst samples deriv d from the first stage (Reactor F-201 ) and from t h 
second stage (Reactor F-202) of a two-stag ebullated-bed reactor operating with daOy catalyst withdrawal of 
portions of used catalyst and additions of fresh catalyst and processing residual crudes having a boiling point 
rang such that at I ast 89 volume p rcent boils at temperatures gr ater than or equal to 538®C (lOOO^'F) and 
having a sultur content in xcess of 4 weight p rcent perating under hydrodesulfurizati n conditions were 
blended together to form composites. The catalyst treated in Examples 3 and 4 was Criterion® HDS-1443B. 
A sample of 200ml (200 cc) of the composite material from the Reactor F-201 and a sample of 200ml (200 cc) 
from Reactor F-202 were, after being washed with dehexanlzed rafflnate gasoline, dried at low temperature 
<121 **C (<250'>F) In a vacuum to form free-flowing materials, regenerated In air at 454**C (850**F) for 24 hours 
were subjected to densify separation in the same air elutriation unit and under the same conditions as employed 
in Examples 1 and 2 above. After four hours of elutriation freatment in which the air flow was adjusted to expand 
the bed about 100% of the settled height, the catalyst bed was allowed to settle. The particles which had moved 
toward the top of the tube were designated "light" (25 vol. %), the particles which occupied the middle portion 
of the settled bed were designated "intermediate" (50 vol. %), and the particles which remained near the bot- 
tom of the tube were designated "heavy" (25 vol. %). 

The V/Mo atomic ratio for the unseparated catalyst fraction and, for the light, intermediate and heavy cat- 
alyst fractions of Examples 3 and 4 were determined and the results are shown in Table IV which follows. 



TABLE rv 



V/Mo ATOMIC RATIO DETERMIKATIQNS 



Example 3 



V/Mo Ationlc Ratio 



Unseparated catalyst 
from Reactor F-201 

"Light" fraction 

"Intermediate" fraction 

"Heavy" fraction 



3.2 
1-5 
2.7 
3.9 



Example A 



Unseparated catalyst 
from Reactor F-202 

"Light" Fraction 

"Intermediate" fraction 

"Heavy" fraction 



1.2 

0.7 
0.9 
1.2 



The hydrodesulfurization activity of the "light", "intermediate" and "heavy" catalyst fractions of Examples 
3 and 4 were determined using the HDS-MAT test The results of the HDS tests together with densities de- 
termined for the three recovered air-dassified regenerated catalyst fractions of Examples 3 and 4 are reported 
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in Tables V and VI which follow. 



TABLE V 

SEPARATION 07 REGEHERATED C ATALYST FROM 
REACTOR r-201 

Top 25 Mid 50 Bottom 25 

Vol Z Vol X Vol X 

^Llght) ^Intermediate) (Heavy) 

Density, kg/M' (lbs/ft*) 71 (44,2) 82 (51.1) 96 (60.0) 

Activity Testing 



HDS-MAT, C.O.Sg, % 



29.1 19.3 13-8 



TABLE VI 



SEPARATION OF RECEMERATED CATALYST FROM 
REACTOR F-202 



Density, kg/M* (lbs/ft* ) 

Activity Testing 

BBS-MAT, C O.Sg. X 



Top 25 
Vol X 
CLlRht) 

66 (41,3) 



38.3 



Mid 50 Bottom 25 

Vol % Vol X 

flnternediate) (Heavy) 



66 (41.4) 



36.3 



76 (47-5) 



28.6 



In the HDS-MAT procedure a one-half gram of ground, calcined catalyst is presulflded with 10% H2S/H2 
flowing at 50ml (50 cc)/minute for one hour at SQ^'^C (750''F). The catalyst is then exposed to a model feed 
and hydrogen for approximately four hours. Oits are taken periodically and analyzed by gas chromatograph 
for the conversion of benzothiophene to ethylbenzene. The average hydrodesulfurizatlon activity Is reported 
as C 0.5 g. 

The HDS-MAT run conditions are as follows: 
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Temperatur ZeS'^C (550*'F) 

Pr ssure Atmospheric 

Chargestock 0.857 m lar b nzothiophene in ASTM reagent grade heptane (3.68 wt % S) 

Space Velocity 4. hr.-^ 

Catalyst Charg 0.5 grams 

Hydrogen Flow 50ml/mln (50 cc/min) f ultra-high purity H2 
The calculation is perform d as follows: 

HDS - MAT C 0.5 g. @ 288»C (550«F) = Average HDS = (100 X (1.0 - 

The data of Examples 1-4 show that a high activity catalyst fraction suitable for returning to a hydrotreat- 
ment reactor can be recovered using the air elutriation process of this invention. 

The experimental samples set out in this application were performed as batch operations however air das- 
stfication of the used, deoDed catalyst particles can be conducted in a continuous manner where, for example, 
spent catalyst Is continuously added to the elutriation column at about the middle of the vertical column while 
a fraction of the segregated light material is continuously drawn off from the column top and a fraction of the 
segregated heavier material Is withdrawn continuously from the column bottom. 

Although the experimental examples set out in this application were regenerated either prior to or after 
the air elutriation process of this invention, regeneration is an optional step. The low density fractions obtained 
from the air elutriation are low in contaminant metals and would be suitable for reuse in a hydrotreatment proc- 



Clalms 



1 . A process for recovering high acthflty catalyst particles from spent hydrotreating catalyst used in treating 
metal-containing hydrocart)on feedstocks, wherein the said spent catalyst particles have carbonaceous 
and metallic deposits resulting from the hydrocarbon feedstock, which comprises: 

a) passing the spent catalyst particles to a stripping unit In which process oils are removed thus ren- 
dering the spent catalyst particles free flowing, 

b) passing said free-flowing spent catalyst particles to an air elutriation zone comprising a single vert- 
ical column, saki vertical column having a length to diameter ratio QJD) of at least 4 to 1 , f luldizing the 
catalyst bed by flowing air upwardly through the catalyst at non-reaction conditions and at a velocity 
sufficient to expand the bed at least 25% over its settled height and for a time sufficient to accomplish 
substantial segregation of the catalyst particles into a high activity, upper, less-contaminated fraction 
and a lower more-contaminated fraction according to their particle density; and 

c) recovering the high-activity catalyst fraction from the air elutriation zone. 

2. The process as claimed in Claim 1 wherein the high activity catalyst fraction recovered from the air elu- 
triation zone is passed back to a hydrotreating zone. 

3. The process as claimed in Claim 1 or 2 wherein the said spent catalyst is stripped by washing with a solvent 
and the washed, free-flowing, spent catalyst is then dried in air or air diluted with an inert gas. 

4. The process as claimed in Claim 3 wherein the said spent catalyst is stripped by washing with a solvent 
selected from toluene, naphtha, pentane, kerosene and mixtures thereof. 

5. The process as claimed In Claim 3 wherein the said spent catalyst is stripped by washing with a solvent 
comprising 5 to 35% by weight of N-methyl-2-pyrrolidone with the balance being a light hydrocarbon se- 
lected from toluene, naphtha, pentane, kerosene and mixtures of the said light hydrocarbons. 

6. The process as claimed in any one of the preceding Claims wherein the said high activity catalyst fraction 
recovered in step (c) is passed to a regeneration zone wherein carbonaceous deposits are removed by 
contacting the saki high activity catalyst fraction with an oxygen-containing combustion gas at a temper- 
ature of from 371 **C - 482**C (700'*F to SOO^'F) thereby provkJing a regenerated high activity catalyst frac- 
tion. 

7. The process as claimed in any one of claims 1 to 5 wherein the said spent free-flowing catalyst particles 
of step (a) prior to being passed to step (b) are passed to a regeneration zone wherein carbonaceous de- 
posits are removed by contacting the said spent free-flowing catalyst particles with an oxygen-containing 
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combustion gas at a temperature of from 371 - 482**C (700**F to 900*»F) thereby providing regenerated, 
spent, free-fl wing catalyst partid s. 

8. Th process as claimed In Clabn 6 wh relnth high activity catalystfractlon prior to regeneration is passed 
to a rejuvenation zone wh r inth said catalyst fraction is acid leached to remov undeslred metals from 
th particles of the high activity catalyst firaction. 

9. A hydrodesulfiirization process which comprises passing a metats contaminat d hydrocarbon r siduum 
feedstock having a metals content of from 50 to SOOwppm and a sulfur content In excess of 4.0 weight 
percent through multiple reaction zones In an upfiow manner with internal recycle of reactor liquid con- 
tents under hydrogenation conditions of temperature and pressure in the presence of an alumina-sup- 
ported catalyst containing one or more metals with hydrogenating activity selected from the group con- 
sisting of cobalt, molybdenum, tungsten, phosphorus, nid<el and vanadium which is ebullated in the liquid 
environment, adding fresh particulate high activity catalyst to the final reaction zone, withdrawing spent 
catalyst from the final reaction zone, reactivating the said spent catalyst according to the process as 
claimed in Claims 1 to 8 and backstaging the recovered high activity, alumina-supported catalyst to said 
preceding reaction zones in reverse flow relative to the residuum and introducing make-up hydrogen di- 
rectly to the final reaction zone whereby the desulfiirization rate is maintained at a maximum. 

10. A process as claimed in Claim 9 wherein prior to regeneration the said recovered high activity catalyst 
fraction Is treated at a temperature of from IS.S^C - 121 ""C (S(y* - 250^F) for at least 5 minutes with an 
aqueous solutk>n consisting of sulfuric acid and an ammonium bn whereby the metal contaminants are 
converted to their respective sulfate compounds and the said metal contaminants removed from the cat- 
alyst and afterwards washing the treated catalyst to remove the aqueous solution. 

11 . A hydroconverston process for the production of low-boil ing range, low-sulfur product streams from a pet- 
roleum residuum feedstock having a metals content more than 50 p.p.m. and having a sulfur content in 
excess of 4.0 weight percent where the residuum is passed upwardly through each of two reaction zones 
in succession with Internal recycle of reactor liquid products in the presence of hydrogen and under hy- 
drogenation/hydroconversion conditions of temperature and pressure, both of the said zones containing 
a particulate alumina-supported catalyst which is placed in ebullation in the liquid phase environment by 
the upfiow of said residuum and hydrogen and the internal recycle of reactor liquid products, comprising 
the steps of: 

a) in the final reaction zone introducing afresh, particulate, high activity alumina-supported hydrotreat- 
Ing catalyst containing one or more metals of hydrotreating activity selected from the group consisting 
of cobalt, molybdenum, tungsten, phosphorus, nickel and vanadium, 

b) withdrawing spent catalyst particles from the final reaction zone, said spent catalyst particles being 
partially deactivated by metals deposited thereon in the final reaction zone, and treating them accord- 
ing to the process claimed in Qaims 1 to 8, 

c) passing the entire effluent from the first reaction zone to the subsequent final reactton zone, 

d) passing the high-actlvlty catalyst particles recovered along with, optionally, fresh catalyst make-up 
as required to the first reaction zone, and 

e) withdrawing firom the final reaction zone a liquid hydrocarbon stream which can be fractionated to 
recover the unconverted residuum stream with a boiling range of greater than or equal to 538°C 
(lOOO^F) and a sulfur content of less than 3 weight percent which is suitable for blending to a low sulfur 
fuel oil product 

12. A process as claimed in Claim 1 1 wherein the said hydrotreating catalyst introduced into the final reaction 
zone contains molybdenum and nickel. 

13. A process as claimed in Claim 11 wherein prior to regeneration the said high activity catalyst particles 
are treated at a temperature of from 15.5°C - 121 .1°C (60° - 250°F) for at least 5 minutes with an aqueous 
solution consisting of sulfuric acid and an ammonium ion whereby the metal contaminants are converted 
to their respective sulfate compounds and the said metal contaminante removed from the catalyst and 
afterwards washing the treated catalyst to renK>ve the aqueous solution. 
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